Depression is the most common psychiatric illness and cause of disability, and associated with durable impacts on productivity and represents one of the major causes of workplace absenteeism and presenteeism. Few studies, however, examine the economic impact of treatment of depression in the workplace, particularly from the perspective of the employer. We estimated the relative costeffectiveness of treatment for employees with depression in the workplace. We used a decisionanalytic model to estimate the relative cost-effectiveness of (i) psychotherapy, (ii) pharmacotherapy and (iii) combination of psychotherapy and pharmacotherapy and whether they reduce sickness, absenteeism and presenteeism for people with depression. Costs and savings to the employer were also estimated, and policy recommendations made about how best to translate this evidence into practice. Both pharmacotherapy treatment and psychotherapy treatment were found to be costsaving from the perspective of the employer. Psychotherapy was found to be the most cost-effective option with an incremental cost-effectiveness ratio of €22,225. This study provides evidence that screening and treatment for depression in the workplace is cost-effective and represents a worthwhile investment from the business perspective.
Introduction
Depression is the most common psychiatric illness and cause of disability, ranking as the second leading cause of disability worldwide (Ferrari et al., 2013) . In addition to the significant social and personal consequences, depression is associated with durable impacts on productivity and represents one of the major causes of workplace absenteeism and presenteeism. Depression in working age adults generates direct costs in the field of health services and indirect costs from lost working hours, loss of lifetime income, and early retirement. By far the greatest contributor to the overall economic impact of depression is loss in productivity and this represents a substantial cost to employers (Ekman et al, 2013; Thomas, 2003) . It is estimated that the total productivity costs of absenteeism due to mood disorders in the EU-25 is €72 billion in 2010 prices -about twice that of cardiovascular disease (Gustavsson et al., 2011; Leal et al., 2006) . This equates to approximately €454 per employed person in the EU at that time.
In high-income countries, trends suggest that sick days lost to mental health problems such as depression have increased in recent years (Henderson and Madan, 2014) . In the past twenty years, in Germany, the contribution of mental disorders to the cost of permanent disability pensions has tripled and more than half of these are caused by depression, anxiety and related neurotic disorders (Techniker Krankenkasse, 2013 ).
Several studies demonstrate effectiveness and cost-effectiveness of treatment for depression (Churchill et al., 2001; Hollinghurst et al., 2014; Koeser et al., , et al., 2015; NCCMH, 2009) ; but, these are mainly population-based studies which examine the outcomes from the perspective of the healthcare system and there are only a limited number of programmes which focus specifically on depression in the workplace and incorporate a robust evaluation (Hamberg-van Reenen et al., 2012) . Given the growing impact of depression in the workplace, German data suggest that there has been nearly a 70% increase in workplace absenteeism associated with depression between 2000 (Techniker Krankenkasse, 2013 . It is important for businesses to understand the economic case for recognition and treatment of depression among their employees and to help employers better understand their potential role in this process. There are only a limited number of businesses, however, which currently participate in workplace mental health programmes (Wolf, 2010) .
We explore the cost-effectiveness of treatment for employees with depression in the workplace. We use a decision-analytic model based on the best available evidence synthesised from the literature to estimate the relative cost-effectiveness of (i) psychotherapy, (ii) pharmacotherapy and (iii) combination of psychotherapy and pharmacotherapy and whether they reduce sickness, absenteeism and presenteeism for people with mild, moderate and severe depression. The net cost to the employer is also estimated from the employer perspective. Finally, policy recommendations are made about how best to translate this evidence into practice.
Experimental procedures

Study population and data source
The target population is employed adults living in Germany with mild (F32.0, F33.0), moderate (F32.1, F33.1) or severe major depressive disorder (F32.2/F32.3, F33.2/F33.3) based on ICD-10 diagnoses. Population characteristics and costs were based on the 2013 Depression Atlas report of the Techniker Krankenkasse (Techniker Krankenkasse, 2013) which summarises aggregated and anonymised administrative data collected from health insurance companies in Germany. The data come from 4.1 million insured individuals in the labour force in Germany and estimates were then extrapolated based on weighted averages to provide national estimates for the 37.8 million insured and employed individuals in Germany aged 15-64 years of age. Variables which were not available from the report were estimated based on national epidemiological data from Germany, and / or the most robust trial or meta-analyses available.
Model structure
To evaluate the cost-effectiveness of treatment for employees with depression in the workplace, we adapted a decision model previously described by Koeser et al which compares the costeffectiveness of -drugs for depression, psychotherapy and a combination of -drugs for depression and psychotherapy treatment (Koeser et al.,, 2015) from the perspective of the healthcare system in England. Three potential clinical outcomes were modelled: full remission, partial response and nonresponse. Model parameters related to treatment outcomes were informed by a review of the literature and synthesis through meta-analyses and are described in Koeser et al (Koeser et al., , 2015) . Further information on the model is also described in Figure 1 .
The main model assumes a 27-month time horizon: 3 months of acute treatment, 12 months of maintenance treatment and 12 months of follow-up. These intervals were based on the time frame used for the majority of trials from which the model input parameters were derived. We also, however, examined a time frame of 4 months and 21 months of maintenance treatment for the pharmacotherapy condition (i.e., 7 months and 24 months total including acute treatment) and 8 months and 21 months for psychotherapy. The minimum time frame for the psychotherapy and combination therapy conditions was based on the range of time recommended in the German Society for Psychiatry, Psychotherapy, and Neurology (DGPPN) guidelines for unipolar depression (2015) and the upper limit (24 months) reflected the maximum amount of time for which German insurance companies would pay.
Costs associated with treatment, service use and productivity losses and / or gains were calculated based on the presumed underlying depression state, and are detailed below. While everyone began the treatment pathway in the non-response state, it was assumed that if the treatment was successful that the individual would enter into remission at month three while those with partial response would spend half of their time in remission and those with no response would never enter remission and thus, service use and productivity estimates reflected these varying depression states.
Costs
Cost of screening, assessment and treatment
We estimated that €39.94 covered the cost of facilitating the completion of the screening questionnaire follow-up assessment to confirm depression, and care management costs for each employee (McDaid et al., 2011) and that 66% of employees would follow-up with treatment following the screening process Based on nationally representative epidemiological data from Germany, we estimated that 7.5% of employees would meet criteria for a depression diagnosis (Jacobi et al., 2014) . The cost of treatment was based on the recommended number of visits included in the guidelines for unipolar depression established by the German Society for Psychiatry, Psychotherapy, and Neurology (DGPPN) (2015) . The guidelines suggest that during the acute phase, individuals should receive one surveillance visit per week for three to four weeks and clinical monitoring every two to four weeks for the rest of the acute phase. The maintenance phase involves clinical monitoring every four to eight weeks. It is recommended that for -a drug for depressionthat the duration of the maintenance phase is four to nine months. The recommended maintenance phase for psychotherapy is longer, i.e., eight to twelve months. For the pharmacotherapy condition, we also included prescription costs (e.g., cost of a 20mg daily dose of citalopram, which was the most commonly drug prescribed -for people with depression according to the 2013 Depression Atlas report of the Techniker Krankenkasse (Techniker Krankenkasse, 2013) . Costs were based on the official German publisher of medical classifications Deutsches Institut fur Medizinische Dokumentation und Information (2015).
We assumed that individuals with mild depression received the lower bound for the number of treatment visits and that all visits occurred with a primary care practitioner (rather than a psychiatrist). We assumed that individuals with severe depression received the upper bound in terms of number of recommended treatment visits and we used the median of these two estimates for individuals with moderate depression. For the pharmacotherapy condition, individuals with moderate depression were assumed to have half of their appointments with a GP and half with a psychiatrist while individuals with severe depression were assumed to have ninety percent of their appointments with a psychiatrist. The cost of each visit was estimated using the costs for treatment as described in Kassenarztliche Bundesvereinigung (2015a Bundesvereinigung ( , 2015b . The cost for combination therapy in our model was the sum of the cost of pharmacotherapy and psychotherapy.
Cost of additional service use
Health service utilisation and associated costs, outside of those included in the treatment costs were Kleine-Budde et al., 2013) . These included inpatient hospitalisation costs which were extrapolated over the entire 27-month period and also outpatient primary care and psychiatric care costs following the 15 month treatment phase for those who did not achieve remission. All estimates were calculated according to varying depression severity (i.e., mild, moderate and severe) and accounted for the underlying depression state (i.e., remission, partial response and nonresponse) and were converted to 2013 costs.
Productivity losses
Costs associated with absenteeism were based on data collected from the 2013 Depression Atlas report of the Techniker Krankenkasse (Techniker Krankenkasse, 2013) which collected data on days taken off because of depression. It is estimated that 1.6% took time off because of their depression in Germany in 2013 and that on average those individuals took 64 days off (i.e., 33, 74 and 111 days per year for mild, moderate and severe depression, respectively) over a one year period. As presenteeism data were not available from the Depression Atlas, we used based estimates on a trial from Wang et al (2006) . Thus, it was estimated that the reduction in presenteeism as a result of successful intervention was equivalent to an extra 2.6 hours of work per week. Wang et al. noted that there were no significant differences in impact on presenteeism following treatment according to depression severity (i.e., there was the same increase in number of hours following treatment across severity) and so we assumed the same impact across groups. Again based on estimates from nationally representative German epidemiological data, we assumed that 7.5% of individuals would meet criteria for depression and experience an impact on their presenteeism associated with the condition (Jacobi et al., 2014) . As per the human capital approach, productivity losses were converted to costs based on the average gross added value per worker in Germany in 2013 (€66,448) based on the 2013 report of the Techniker Krankenkasse (Techniker Krankenkasse, 2013) Health-related quality of life Quality adjusted life years (QALYs) were used as an indicator of health-related quality of life. Current NICE guidelines recommend using the EuroQol 5 Dimensions (EQ-5D) when deriving preference weights for health states (NICE, 2013); however, there is no published evidence which is currently available, mapping EQ-5D scores by depression status as defined by the HAMD-17 in this model. Therefore, we used estimates from Koeser et al., as the authors calculated mean EQ-5D utilities for remitters, responders and non-responders as defined above based on previously collected trial data (Kuyken et al., 2008) . To account for the fact that repeated measures were available for most patients, a pooled ordinary least squares model with cluster robust standard errors was used. The same quality of life was assigned to individuals dropping out of treatment due to side effects or no response as to those who completed the treatment but who did not respond.
Analysis
Incremental cost-effectiveness ratios were calculated by dividing the difference in total costs of the treatments by the mean difference in QALYs. To reflect the current value of the benefits and costs accumulating over the time horizon of the model we discounted both at a rate of 3.4% as recommended for Germany (Gollier, 2011) . We undertook sensitivity analyses to consider various treatment time frames, as described above, in relation to the minimum time frame recommended in the DGPPN guidelines for unipolar depression (2013) and the upper limit (24 months) reflected the maximum amount of time for which the insurance company would pay. We also compared findings when mild depression was and was not included.
For the cost-effectiveness analysis, we estimated productivity losses during the first fifteen months alongside treatment. Productivity losses were treated equivalently to cost of health service use for year 1, dependent on the depression state but not treatment. For the cost-offset analysis, we also used a conservative timeframe and estimated the impact of depression treatment on absenteeism and presenteeism over a one-year period. Based on - Kuyken et al., (2008) we assumed that the gain was slightly lower for those treated with pharmacotherapy vs. psychotherapy (i.e., 0.097).
We present the cost and payoffs from employer and healthcare perspectives for screening and treatment of employees with depression for a hypothetical cohort of 500 employees over a 27 month timeframe. We assume for this analysis that the intervention was for 15 months, 7.5% of individuals screened positive for depression and that (based on nationally representative data from the National Comorbidity Survey in the USA) among those with depression, the prevalence of mild, moderate and severe depression was 13.8%, 38.5% and 47.7%, respectively (Birnbaum et al., 2010) .
As in the cost-effectiveness analysis, costs and benefits were estimated based on 50% being full responders, 22% being partial responders and 28% being non-responders for CBT and 52% being full responders, 23% being partial responders and 25% being non-responders for pharmacotherapy.
Results are presented so that costs or expenditures associated with the treatment are shown with a plus sign, while savings or reductions in costs are shown with a minus sign. Table 1 describes the incremental cost-effectiveness ratios for psychotherapy, pharmacotherapy and combination (psychotherapy and pharmacotherapy). As shown in table 1, our estimates suggest that pharmacotherapy had the lowest average cost (€30,598: treatment and service use costs: €5,895 and productivity costs: €24,703) while combination pharmacotherapy and psychotherapy had the highest average cost (€32,615: treatment and service use costs: €7,175 and productivity costs: €25,540).
Results
Cost-effectiveness analysis
In terms of outcomes, pharmacotherapy was associated with the lowest QALYs (1.26) while psychotherapy and combination pharmacotherapy and psychotherapy were almost equivalent (1.30 and 1.31, respectively). The incremental cost-effectiveness ratio for improvement in QALY score at 27 months suggested that psychotherapy was the most cost-effective option, using a commonly used willingness to pay threshold of (€50,000) based on NICE guidance as there is not an established threshold in Germany, although some authors have argued that at least for high income countries, societal willingness to pay may be higher (Speight and Reaney, 2009; Ubel et al., 2003) . Sensitivity analysis which estimated results using varying time frames suggested that the costs narrowed slightly for the combination treatment and psychotherapy for the shorter time frame intervention (i.e. 7 months); however, the incremental cost-effectiveness ratio (ICER) did not change significantly.
Similarly for the longer time frame (i.e., 15 months intervention) there were no significant increases in the ICERs. Table 2 summarises the net cost for pharmacotherapy, psychotherapy and combination pharmacotherapy and psychotherapy among a hypothetical population of 500 employees people and then extrapolated to the entire population of employed persons in Germany, over a 27 month time frame. It is assumed that the costs of screening and treatment for depression are borne by the employer. The results show that from the perspective of the employer, both pharmacotherapy and psychotherapy appear to be cost-saving, despite the cost of needing to screen all employees. As we did not have absenteeism and presenteeism data specifically for combination treatment, we have not presented results for this condition here; however, if psychotherapy and pharmacotherapy intervention costs were added together (subtracting one set of screening costs) the intervention costs plus additional healthcare intervention costs would be approximately €101,944, which is only €1,000 to €2,000 greater than the projected gains in productivity. Benefits are gained mainly from a reduction in presenteeism.
TABLE 1 ABOUT HERE
Cost-offset analysis from the perspective of the employer
TABLE 2 ABOUT HERE Discussion
This study provides evidence that screening and treatment for depression in the workplace is costeffective and represents a worthwhile investment from the business perspective. It adds to the existing literature supporting the economic case for employers to invest in interventions to address depression in the workplace (Goldberg and Steury, 2001; Knapp et al., 2011; McDaid, 2008) , particularly in the area of prevention and treatment (Hamberg-van Reenen et al., 2012) . Both pharmacotherapy treatment and psychotherapy treatment were found to be cost-saving from the perspective of the employer.
Despite the lower overall cost associated with pharmacotherapy, psychotherapy was found to be the most cost-effective option. It may be that the durability of the outcomes associated with psychotherapy treatment in the long term allow for greater improvement in workplace productivity when compared with pharmacotherapy. A recent clinical trial also demonstrated greater improvement in employment status for cognitive therapy when compared with pharmacotherapy at two years follow up (Fournier et al., 2015) . Cognitive changes and cognitive skills acquisition as well as cognitive restructuring, tackling negative thoughts that prevent return to employment, have all been suggested as potentially putative mechanisms underpinning the effectiveness of cognitive therapy (DeRubeis et al., 1990; Quilty et al., 2008) . It might also be that cognitive therapy could promote coping skills which might hence confer long protection against relapse when compared to pharmacotherapy.
In a condition as complex as depression; however, personalised treatment which is tailored to the needs and preferences of individuals should be considered, in line with expert recommendations (Wykes et al., 2015) . Although offering an array of treatment options may be most useful for improving outcomes across a diverse population of persons with depression (Rush et al., 2006) , our findings suggest that psychotherapy was likely to be the most cost-effective option when compared with pharmacotherapy or combination pharmacotherapy and psychotherapy. Other authors have also suggested that psychotherapy is likely to be more cost-effective from the perspective of the health system (Koeser et al., 2015) . It may be that certain treatments are more effective for individuals based on sociodemographic characteristics; clinical characteristics such as type of depression, chronicity or severity and individual values (Cuijpers et al., 2012) . Although economic evaluation can provide evidence to inform decisions about how to allocate available resources so as to get more out of them, any one treatment should not be ruled out based on cost alone. Other reviews suggest that getting individuals with depression to participate in some type of therapy with demonstrated effectiveness may be more important than type of treatment and this may depend heavily on what is readily accessible in the individual's context (Khan et al., 2012) .
When considering the cost-effectiveness of these interventions, we assumed that only a proportion of individuals who screened positive for depression would take up treatment and continue to participate in treatment while experiencing depression. An important consideration in the cost-effectiveness of treatment is engagement with individuals who have depression to link them up with appropriate treatment. Although the intervention may be cost-effective, the impact can only be realised if individuals participate in treatment (Corrigan et al., 2014) and this could be influenced by workplace characteristics. We know that stigma is an important barrier to getting help for mental illness (Clement et al., 2014) and can influence population prevalence of treatment for depression (Lewer et al., 2015) . Individuals may choose not to participate in treatment and / or to disclose a mental health problem in the workplace because of potentially negative consequences from their employer or colleagues (Brohan et al., 2014) . Given that employers and colleagues may be less likely to accept an individual who has depression (Angermeyer et al., 2013; Brohan et al., 2012; Lasalvia et al., 2012) , managers also have an important role to play in supporting employees and facilitating a positive environment. For example, we know that managers who support employees with depression may facilitate more positive perceptions in the workplace and more openness and disclosure among employees with depression (Evans-Lacko and Knapp, 2014) which could be important for treatment participation.
Strengths and limitations
There are very few robust economic studies of workplace interventions (Hamberg-van Reenen et al., 2012) . A few studies have performed economic evaluation, but they focus on specific populations, for example, correctional officers (McCraty et al., 2009 ) and nurses (Noben et al., 2014) who may have specific needs; focus on a specific intervention programme, for example, a return to work intervention (van Oostrom et al., 2010) , collaborative care (Goorden et al., 2014) or a collaborative care approach (Wang et al., 2006) and follow-up is rarely longer than 1 year. Thus, our study adds to the literature by applying a 27 month time frame, comparing across 3 types of standard, evidencebased interventions and considering the impact in relation to the general population of employed individuals in Germany.
Although we believe that our findings are based on the best available evidence, our conclusions are based on a simulation model which requires several assumptions and the associated limitations need to be considered alongside our conclusions. There are certain costs which were not included in the model such as the impact on family members, premature death, recruitment and training costs for employers if their employees permanently withdraw from the workforce. We assume that the distribution of costs would not vary widely across the treatment conditions; however, they could increase the overall costs, particularly for individuals with severe depression who may require more support from a carer and be more likely to transition from employment to permanent disability status. We have not included disability and early retirement costs in the model which we know are increasing (McDaid, 2008) and which could also represent important savings if, for example, treatment was likely even to reduce early retirement among a very small proportion of employees.
Some issues have been noted in previous work regarding direct comparisons of psychotherapy and pharmacotherapy treatments given differences in study designs and these should be considered. For example, some research suggests that methodological issues such as a nocebo effect associated with wait list controls, difficulty in blinding and small study bias may be associated with a higher effect size for psychotherapy compared to pharmacotherapy studies (Furukawa et al., 2014; Huhn et al., 2014) . Additionally, our findings may not be relevant for individuals with highly recurrent depressive disorder as the length of maintenance treatment needed for these individuals may be longer than 21 months; however, our upper bound was also driven by the economic case of the maximum amount of time for which the insurance company would pay. Finally, there may be significant variation in workplace setting or type of employment and more broadly, region or country. For instance, we know that some types of workplace stress are associated with greater levels of depression and these might represent particular targets for interventions (Fischer et al. 2001; Michie 2003) and should be further explored. Moreover, it is likely that the effects of treatment would be more positive if the treatments included a specific work-directed component and or were modified with an employment focus (Lagerveld et al., 2012; Nieuwenhuijsen et al., 2014) .
In relation to the global context, although this model is based on a German employment perspective which has a specific set of national employment policies, we might assume that some of our findings could be broadly relevant for other high-income and / or European countries. However, we should also consider the health policy context in relation to generalisability. Germany is funded by a statutory contribution system that ensures free health care for all via health insurance funds.
Insurance payments are based on a percentage of income, shared between employee and employer.
1 More research should be done across diverse countries to better understand potential differences across other settings and contexts. For example, although we know that depression has a significant economic impact via workplace productivity globally, the impact and the ratio of costs of presenteeism to absenteeism varies across countries (Evans-Lacko and Knapp, 2015) . Moreover, workplace policies and context, access to appropriate interventions also vary and must be considered.
Implications
In order to realise the economic benefits outlined in this paper, there needs to be a better balance between the needs of employees with depression in the workplace and the services and interventions provided to them. In view of increasing productivity losses attributable to depression and the economic consequences associated with this, the need for better workplace policies is evident. There are, however, models of good practice available and therefore actions which can be taken to improve the workplace context and outcomes for employees and businesses. In general three approaches are described in the literature: (1) Commission, 2015) . Nevertheless, it is important to consider potential variation across Europe in relation to early intervention both in relation to need and delivery of evidence based programmes. The literature suggests that there is some variation across Europe in terms of when individuals with mood disorders initiate treatment, with only 28% of individuals in Italy initiating treatment during the year of onset while 52% made contact in the Netherlands (Wang et al., 2007) ; however, there is not a clear North -South divide and there may be certain country characteristics where a focus on early intervention is of greater need. For example, we know that greater health care spending and lower public stigma is associated with greater use and regularity of antidepressants (Lewer et al., 2015) .
It is also now possible to use eHealth technologies to facilitate early recognition of mood problems among employees, for example, through mobile apps for monitoring symptoms and web-based programmes which can provide an effective form of prevention and treatment. There are also opportunities to use technology for training aids or supports for managers and HR staff; however, it is critical that a clear pathway to treatment and support is in place if such an intervention were to be introduced.
In relation to support and training for employees, managers and other relevant staff there are good examples of tools and supports which enable employers and managers to promote a positive psychosocial work environment and support employees with depression. Some companies such as Toshiba also use electronic questionnaires to collect regular feedback from employees in the organization. Finally, strong support from senior management at the top of the organization can help to ensure that adequate policies are put in place and implemented in a meaningful way.
Policies may focus on supporting employees with depression, their line managers and key support figures in the organization such as those working in HR and occupational health.
A model of good practice, particularly in relation to development and implementation of risk assessment and prevention policies is the e-learning tool "Psychological health promotion as a leadership task" of the German INQA initiative (INQA 2015) . INQA promotes exchanges between companies, government and researchers and uses a holistic approach to support companies to improve workplace conditions including through tailored tools and measures which facilitate early detection of symptoms of burn out and other psychological problems in addition to health promotion. Productivity losses are treated equivalently to cost of health service use for year 1, dependent on the depression state but not treatment. 4 We assume for this analysis that the prevalence of mild, moderate and severe depression was 13.8%, 38.5% and 47.7%, respectively. 
